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JEWBOUNDARYCORRECTIONSFORCOMPLETEANDSEMIS!?AN
SWEPTWINGSINCLOSEDCIRCULAR
WIND‘nmNELs
By JamesC. SivellsandRachelM. Salmi .
SUMMARY
Tablesandcurvesarepresentedwhichgivevaluesoftheinduced-
upwash-velocityfactors,duetothejetboundary,atthehorizontal
center.planeofa closedcircularwindtunnelandatthatof a closed
bipolarwind,tunnelwhichisformedwhena reflectionplaneis installed
ina circulartunnelfortestingsemispanwings.Thesevelocitieshave
beencalculatedforinfinitesimal-spanliftingelementslocatedat
variouspointsinthehorizontalcenterplane.Inasnmchasthelift
distributionf awing of anyplanformcanbe builtup fromtheinfin-
itesimaliftingelements,theinducedupwashvelocitiescanhe obtained
atanypointonthewingor,to a limitedetient,aheadof orbehindthe
wing. Theapplicationftheseinduced-upwash-velocityfac orstothe
determinationoftheJet-boundarycorrectionsi alsodiscussed.In
orderto facilitatehecomputations,implifiedcomputingformsare
presentedforevaluatingthecorrectionstotheangleof attackandto
thedrag,pitching-moment,rolling-moment,andyawing-momentcoef-
ficients.
INTRODUCTION
Wind-tunneltestingof sweptwingshasconsiderablyincreased
becauseoftheuseof suchwingsfortransonicandsupersonicaircraf%.
Thejet-boundarycorrectionsapplicabletothetestdataon sweptwings
havebeendifficultto deriveinasmuchastheproblemisnotreducible
tothatof a two-dimensionalpotentialflowas inthecaseofunswept
wings.Forrectangulartunnels,themethodof imagescanbeusedasin
reference1 forfinite-spanskewedhorseshoevortices,or as inrefe&-
ence2 forinfinitesimal-spanliftingelements.Forcirculartunnels,
thereisno systemof imagesthatwillsatisfytheboundaryconditions
inthevicinityofthemodel.Onemethodwhichhasbeendevelopedfor
circulartunnelsisgiveninreference3whichfollowsthe‘methodof
reference4 andmakesuseoffitite-spanskewedhorseshoevortices.
.-—— —-.– —. -—--- —-——
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Theresultsof reference3, however,havebeenfoundtobe difficultto
apply.Accordingly,themethodpresentedhereinwasdeveloped.This .
methodmakesuseof infinitesilmal-spanliftingelementsandisbased
uponthedevelopmentgiveninreference5.
Forsomepurposes,suchaslateral-controlinvestigations,semi-
spanmodelsaretestedwithreflectionplanesinorderthatlarger
modelsmaybe usedinexistingwindtunnels.Boththemodelandthe
tunnelareeffectivelyreflectedby thereflectionplane.Whenonewall
of a rectangulartunnelisusedasa reflectionplane,theeffectis
thatofa completemodelina largertunnelwhichis stillrectangular.
Thecorrectionsforsucha configurationaregiveninreference6. When
a reflectionplaneisinstalledina circulartunnel,however,the
boundary~fthecompletetunnel(actualandreflectedparts)isno
longercircular,butconsistsoftwocirculararcs,thecentersofwhich
areequidistantfromthereflectionplaneandon a U“neperpendicularto
thereflectionplane;thisshapeoftunnelisdesignatedasbipolar.
Forsucha tunnel,norigorousmethodisavailablefordeterminingthe
Jet-boundary-inducedpwashvelocitiesateverypointinthevicinity
ofthemodel.Inthecross-sectionalplanecontainingtheinfinitesimal
liftingelement,however,theboundary-inducedv locitiescanbe obtained
bythetwo-dimensionalanalysisofreference7. Inorderto obtainthe
inducedvelocitiesatotherpoints,theassumptionismadehereinthat
theratiooftheinducedvelocityat a pointina planeaheadofor
behindtheliftingelementothatata correspondingpointintheplane
oftheliftingelementisthesameinthebipolartunnelas itisatthe
correspondingspanwisepositionina circulartunnel.
.
Thisassumption
a~esm to be valid,at leastonthetunnelcenterline,onthebasisof
comparisonsmadefortunnelsofothershapes. “
Inadditiontothedeterminationfthejet-boundary-inducedveloci-
ties,themethodispresentedhereinforusingthesevelocitiesin com-
putingthecorrectionstobe appliedtothetestdata.Chsrtsandtables
arepresentedto simplifythecomputationsandanexampleisgivento
illustrateheiruse. Forthebipolartunnel,onlyonelocationofthe
reflectionplaneis considered,buttablef3aregivento facilitatethe
computationsforotherlocations.
SYMBOLS
A ()#aspectratio~
CL wingliftcoefficient
c1 correctedrolling-momentcoefficientforcompletewing
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correctedrolling-moment
3
coefficientforsemispanwing
rolling-momentcoefficientforsemispanwingcorrectedfor
jet-boundary-inducedanglebutnotforreflection-plane
effect
uncorrectedrolling-momentcoefficient
jet-boundargcorrectionto drag
inducedlif%coefficientacting
coefficient
on quarter-chordline
jet-boundarycorrectionto rolling-momentcoefficient
one-halfreflection-planecorrectionto rolling-moment
coefficient
pitching-momentcoefficient
correctionto pitching-momentcoefficientdueto distortion
of spanwiseliftdistribution
correctionto pitching-momentcoefficientdueto induced
csmbercorrespondingto thestreamlinecurvature .
jet-boundarycorrectiontowingpitching-momentcoefficient
,*
additionalcorrectionto pitching-momentcoefficientdueto
tail
completecorrectionto yawing-momentcoefficient
reflection-planecorrectiontoyawing-momentcoefficient
yawing-moment-coefficientorrectiondueto jet-boundary-
inducedaileronupwashandwing-liftdistribution
yawing-mmnent-coefficientorrectiondueto jet-boundary-
inducedwingupwashandaileron-lif%distribution
jet-boundary-induced-upwashfactor’
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induced-upwmh’
induced-upwash
factordueto
factordueto
compensatedpotential
uncompensatedpotential
.
.
jet-boundary-induced-upwashfactorforpositivevalueof u
jet-boundq-induced-upwashf ctorfornegativevalueof u
Besselfunctionoffirstkindoforderm
firstderivativeof Jm withrespecto itsargument
Machnumber,ratiooffree-streamvelocityto sonicvelocity
integralofupwashfactorweightedby liftdistribution(see
computingtables)
areaof completewing
free-streamvelocity
localvelocityinvicinityofwing
localvelocityattail
three-dimensionallift-curveslope ‘ s
fictitiouslift-curveslopeforantisymmetricalliftdistribu- .
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spanof completewing
sectionchord
meangeometricchord(S/b)
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sectionliftcoefficientforbasicliftdistribution
rootchord
constructiontipchord
tunnelheight
incidenceof
longitudinal
rootchord
tail,degrees
distancefromone-quarter-chordpointonwing
tothree-quarter-chordp intontailrootchord
orderof,Besselfunction
factorusedintransformation
tunnel
ofbipolartunneito circular
longitudinalcoordinateof sinkordoublet
free-streamdymamicpressure( $)&
dynsmicpressureattail ()&vta
tunnelradius
lateralcoordinateof liftingelement
verticalcoordinateof liftingelement
jet-boundary-inducedpvashvelocity
inducedupwashvelocitydueto compensatedpotential
jet-boundary-inducedpwashvelocityforinfinitesimal
liftingelement
.
longitudinalcoordinate
longitudinaldist%ncefromreferencepointtopit,ching-
momentaxis
longitudinaldistancefromreferencepointto centroidof
inducedlifton quarter-chordline
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0
lateralcoordinate
lateraldistanceto centroidof inducedlifton quarter-chord
.
line
verticalcoordinate
jet-boundsrycorrectiondue
strengthofliftingelement
sweepangle
sweepangleof leadingedge
uncompensatedpotentialof
compensatedpotentialof a
uncompensatedpotentialof
one-halftheinducedangle
radians
jet-boundarycorrectionto
towakedisplacement
ofwing
a unitdoublet
unit sink
a unitsiL&
ofthewingwakeatinfinity,
angleofattack,de~es
additionaljet-boundary-inducedangleattail,de@ees
(A~.- Lob]
angleusedintransformationofbipolartunnelto circular
tunnel,radiahs
jet-boundarycorrectionto downwashangleattail,degrees
nondimensionalverticalcoor&Lnate(z/r forcirculartunnel)
nondimensionallateralcoordinate(y/r forcirculartunnel)
angularcoordinate,cylindricalcoordinatesystem
~1= coordinateof liftingelement
factorinsrgumentofBesselfunctions
h taperratioofwing W)
.
.
—
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nondimensionallongitudinalcoordinate(x/r)
massdensityof air
nontiensionallateralcoordinateof liftingelement(s/r
forcirculartunnel)
ratioof incrementinjet-bound~-inducedupwashvelocity
to valueat E= O
compensatedpotentialforinfinitesimalliftingelement
uncompensatedpotential(circulartunnel)
additionalpotential’
uncompensatedpotential(bipolartunnel)
radialcoordinate,cylindricalcoordinatesystem
radialcoordinateof liftingelement
Subscripts:
0.25 value
0.50 value
0.75 value
t value
alongone-quarter-chordline
alonghalf-chordline
alongthree-quarter-chordline
fortail
DETERMINATION
FOR
FJIIC-BOUNDARY-INDUCED-V13L0CITYFACTORS
lNHNITESIMliLLIFTiNGEHMENTS
.
.
ClosedCircularWind
Thedevelopmentgiveninreference5
sated”potentialfilof an infinitesimal
Tunnels
makesuseofthe“uncompen-
liftingelementinfreeair
andthe“compensated’potential@c of aninfinitesimalliftingele-
mentina windtunnel.Fora closedwindtunnel,thecompensated
potentialmustsatisfytheconditionof zeronormalvelocityatthejet
boundary.Thedifferenceb tweenthesepotentials@a= @c - $& is
calledtheadditionalpotentialandmustbe a solutionofLaplace’s
equation,mustbe regularthroughoutthefieldofmotion,andmust
_ _— ..— —
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vanishatan infinitedistanceupstream.Fora circulartunnel,
functionsatisf@ngtheseconditionscanbe constructedwiththe
Besselfunctions.
a
aidof
Anotherconsiderationwhichaidsinthecomputationftheinduced
velocitiesisthefact,provedinreference~,thattheinducedvertical
velocityat a point(x,y,z)isequaltothedifferenceb tweenthe
valueinfinitelyfardownstremandthevalueatthepoint(-x,Y,z).
Inthefollowingderivation,itisconvenientto calculatevaluesof
inducedvelocityfornegativevaluesof x andsubtracthemfromthe
valuesat infinityto obtainvaluesforpositivevaluesof x.
Thecoordinatesystemsus’edhereinaftera eshowninfigure1. The
infinitesimalliftingelementmaybe consideredto be eithera U-shaped
vortexof infinitestialspanparalleltothey-axiswithitstrailing
vorticesparallelto thex-axisor a semi-infinitedoubletlineparallel
to thex-axiswiththeaxesofthedoubletsparalleltothez-axis.The
potentialof a doubletlinemaybe derivedfromthatof a sink(negative
source)inthefollowingmanner.Theuncompensatedpotentialof a unit
sinklocatedatthepoint(~-p,y=s,z=t)isgivenbytheequation
slu=~ 1 (1)
J(X-P)2+ (y- 6)2+ (z-t)p
Thepotentialof a unitdoubletwithitsaxisverticalisobtainedby
differentiatingequation(1)withrespecto t,
&uOu=—= z- t
at
[
(2)
411(x-p)2+(y-s)2+ (z-t)1z3/2
Thepotentialofthedoubletlineof lift pVl?ds isobtainedby inte-
gratingequation(2)withrespecto p andmultiplying
f
@u= I’ds ‘Oudp
o
byrds
r ds$u=~ z- t
~
@+(y-s)2+(z. -t)2 ~xp+(y-s)p+(z-t)z-x
.
.
(3)
— -——--- -——..—— -—
.
.
2 . 9
.
NACATN 2454
Thecanpensated
circulsrtunnel
coordinatesx,
potentislof a sinkof strength4YCina closed
ofradiuBr is giveninreference5 incylindrical
m, and e where y = o cosf3,z=o sine,
s =U’COSe’, SM ‘t=u’sine’. Thecompensatedpotentialofa unit
sideisgivenby theequation
‘m(Ks@)Jm(%30’)oc=—~> ~’;cos‘(e-e’)e-’s(p-x)me P -x-—
()
1 -— ()k~Jm2Ear~82g
wherethe Jm termsareBesselfunctions
Thesummationwithrespecto m extends
theprimeaddedto the ~ signindicates
insertedbeforethetermcorrespondingto
respecto s forevery’m extendsover
equation
ofthefirstkindof
2Yc#
(4)
orderm.
overallpositiveintegers;
thata factorof 1/2mustbe
m= o. Thesummationwith
allpositiverootsofthe
()JmrRsr = O
functionJm(K#) withrespect()where Jml~8r i.B thederivativeofthe
to itsargument.Equation(4)isvalidonlyforposi~ivevaluesof
P - x sothatitisvalidfor p = O andthenegativevaluesof x as
usedhereinafter.
By diffezwntiatingexpression(4)withrespecto t as inequa-
tion(2)andintegratingwithrespecto p from O to m asinequa-
tion(3),thecompensatedpotentialofthedoubletlineisobtainedfor
e?=0, u~=s, t=O,as ,
Theverticalvelocitycorrespondingtothecompensatedpotentialis
obtainedby differentiating.@c withrespecto z. Forthecondition
e=o,~= y, z = O,thevertiqalvelocityis
(6)
. —... — - —_— _ .—
—.
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.
r lr??wc
Usingthesubstitution Fc. — andthenondimensionalcoordinates *
r ds
U=Er>V =+, and ~=: yieldstheequation
%=xze’sr’“’m-)’rn(’sr”)
Ins (.& - n?),+m(.,q2 (7)
Thecorrespondingvertical-velocityfactorfortheuncompensated
potentialisfoundby differentiatingequation(3)withrespecto z.
Fortheconditionz = O,t = O, - -
-1
(8)
Theinduced-vertical-velocityfac orduetothejetboundaryisthe
differenceb tweenthatforthecompensatedpotentialandthatforthe
uncompensatedpotential;thatis,
F=FC-FU (9)
Equations(7)and(8)areusedonlyfornegativevaluesof g. Both a
ewationfibecomeinfinitefor ~ = O and q . a buttheirdifference,
equation(9),isfiniteandequalto one-halfthevalueatinfinity
(reference5),whichvalueiseasilyobtainedas
.
1
‘g=o = 4(1 - ~u)2
Valuesof F forpositivevaluesof 5 arethenobtainedbythe
aforementionedrelationship
‘w =q=o - ‘E<o
Equations(7)to (11)havebeenevaluated
-2.0to 2.0,u from-0.9to0.9,and q ‘from
(lo)
, (11) ‘
overa rangeof g from
O to 0.9,andthevalues
of F arepresentedintableI. Inevaluatingequation(7),valuesof
m up to 26 and s up to 16wereusedwherenecessaryto obtaincon-
vergenceoftheseriesto thedesirednumberofdecimalplaces.For .
E= -0.2 and IuI and q greaterthan0.5,however,convergencewas
notobtainedandthevaluesof F givenwereinterpolated.Thevalues,
.
—-—— — —— -.— -
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oftheBesselfunctionsusedinequation(7)wereobtainedl%om
reference8.
Forconvenienceinusingthevaluesof F as describedhe~in-
after,thevaluesof F wereplottedagainst~ and u,andvaluesof
~ and u forconstantvaluesof F wereobtainedfortheconstruction
ofthecontourspresentedinfigure2. Valuesof F fornegative
valuesof q c& be obtainedby changing
ClosedBipol~Wind
Whena reflectionplaneisinstalled
thesignof cr.
Tunnels
ina cirdularwindtunnelfor” .
testsof semispanwings,thetunnel,aswellasthemodel,isreflected.
Thecompletetunnel,composedofthatpartofthecirculartunnelcon-
tainingthemodelandthereflectedpartcontainingthereflectionof
themodel,becomesoneofbipolsrcrosssectionasillustratedinfig-
ure3. No rigorousmethodisavailablefordeterminingthejet-
boundary-inducedv locitiesina bipolartunnelexceptatinfinity,
wherethetwo-dimensionaltransformationofreference7 canbeusedor
intheplane x = O,wherethevalues”oftheinducedverticalveloci-
tiesareone-halfthevaluesat infinity.Theassumptionistherefore
madehereinthat T,theratiooftheincrementininducedvertical
velocityatanyvalueof ~= ~ to thevaluefor ~= O, isthesame
inthebipolartunnelasitis ina circulartunnelforcorresponding
spanwiselocationsoftheliftingelementandthepointatwhichthe
velocityistobe determined(wherecorrespondenceisdeterminedbythe
conformaltransformationofthecircularto thebipolarshape).This
assumptionisbelievedtobe approtiatelycorrectfroma consideration
oftheresultsinreference4 forcircularandelliptictunnels.When
thevaluesof,‘rforeachshapeoftunnelareplottedas a functionof
2x/h,goodagreementisobtained,as showninfigure4, alongthelongi-
tudinalcenterlinewhentheliftingelementislocatedatthecenter
ofthetunnel.Similaragreementis indicatedinreference4 forother
positionsoftheliftingelement.Inasmuchasnotransfomnationof
positionisnecessaryonthecenterline,comparisonscanalsobemade
withthevaluesof T forrectangulartunnelsas showninfigure4.
Themsximumincreasein T forthe2:1tunneloverthatofthesquare
tunnelisabout20percent.Themaximumbreadth-heightratiofora
bipolartunnelis2:1,sothaterrorsoftheorderof20percentmaybe
involvedintheaforementionedassumption.Sucherrorsinthevalues
of T, however,wouldcausemuchsmallererrorsinthefinaljet-
boundarycorrections.Sincetheheightof a bipolartunnelisthesame
asthatofthecirculartunnel,it isass~edthatthecoordinate
~ =% isthesameforeithertunnel.Theothercoordinatesareindi-
catedinfigure3 whichrepresentshecrosssectionofthebipolar
..
a
12
tunneland
downstream
MAC!ATN24%
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theunitcircleintowhichitistransformedinfinitelyfar
wherethetwo-dimensionalconfomaltransformationisvalid. *
Thetransformationofreference7 maybe expressedas
tan-l(~ + ic) = n tan-l y + ‘z
r sin7
where
n= m
‘2(YC- 7)
Thedistanceq ontheq-axisthatcorrespondstothedistancey on
they-axismaybe obtainedbytherelation
similarly,
Thevorticesdueto an
tan-l~ = n tan-1 y
rsiny -
tan-lcf = n tan-l s
r sin7
infinitesimalliftingelement
(13)
(14)
areofthesame
strengthineachtunnel,butthedistanceds betweentheminthe
bipolartunnelistransfomnedto thedistanceda inthecircular
tunnelwhere .
(15) “
Althoughthereflectionplaneimposestheconditionof aymmet~
abouttheverticalaxis,itisconvenientto calculatetheinduced
velocitiesforpositives/r andlaterto addthevelocitiesfornega-
tive s/r to obtainthesymmetricalcase.Theuncompensatedpotential
inthecirculmtunnelis
(16)
Theadditionalpotentialnecessaryto compensatefortheeffectsoft~
boundaryofthecirculartunnelis dueto imagevorticeslocatedat ~
andmaybe expressedas .
.
l
 .   .
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.
.
@c.&=L& c (17)
(1- ~a)2+ U2{2
Thesumof equations(16)wd (17)isthecompensatedpotentialin
eitherthecirculartunnelorthebipolartunnel.Theuncompensated
potentialinthebipolartumel is
put=&a z
(y - 8)2 + 22
Theadditionalpotentialnecessaryto compensate
boundaryofthebipolwtunnelbecomes
(18)
fortheeffectsofthe
Theverticalvelocityinthepkne & = O is
w - w)* ~z
which,for z = O, isobtainedas
.
.
r dswo. —
km
‘a{da h!.da
——
az ti Zz
+
1
(y- 8)2jq- ~)2 (1- qa)2- _
or
1-
.here ~ isgivenby equation(15)andds
(19)
(20)
(21)
—._____—— .. —___ ._ _____
.—— ———.
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Equation(21)becomesindeterminate‘at hepointsy= s or q = o
butmaybe evaluatedas
‘g=o,yG ‘–;
or
r2 b~ da
.—
azds- (1- n)2
(1- qu)2
“1, sh2Jl + ~? ~y
If T is definedas
‘m ~T =—-
‘+0
.
(22)
.
(,3)
(24a) .
(2kb)
valuesof T maybe deteminedfora circulartunnelfromthevalues
of F intableI. Thevaluesof T areassumedtobe thesamefora
bipolartunnelasfora circulartunnel.Equations(24)mayslsobe
usedto determinevaluesof F forthebipolartunnelfromthecorre- .
Sponug valuesof Fg=O.Valuesof T arepresentedintableIIfor
thesymmetricalconditionobtainedby addingthevaluesof F from
tableI forpositiveu tothecorrespondingvaluesfornegativecr.
‘alues‘f %=0 fromequations(21)and(23)mustbe obtainedforthe
ssmevaluesof q and a forwhichT is obtained.Thecorresponding
valuesof y/r and s/r areobtainedfromequations(13)and(14)and
thevaluesof F~=o forpositives/r are@ded tothecorresponding
valuesfornegatives/r forthesyannetricalondition,.Contourplots
of F obtatiedinthismannerarepresentedinfigure5 fora position
ofthereflectionplaneequalto 0.49781rfromthecenterlineof a
circulartunnel,correspondingto oneofthevaluesofreference7.
—
—
—
I
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DETERMINATIONFJEI’-BOUNDARYCORREK?TIONS
DeterminationfInduced-AngleDistributionsforFinite-SpanWing
Thederivationofthejet-boundarycorrectionsforsweptwings
follows,inmanyrespects,thatofreference7 which-islhnitedto
unsweptwings.Themethodofreference7 wasbasedupontheuseof
finite-spanhorseshoevorticesandnecessitatedthatthespanwiselift
distributionfthewingbebrokenintofinitesteps.Inasmuchasthe
methodusedhereinisbasedupontheuseof infinitesimalliftingele-
ments,thejet-boundary-inducedpwashangle,inradians,atanypoint
onthemodelcanbe obtainedbytherelation
f
1
w_
— —
~ 42 -1.
wherethevaluesof F areobtained
of ~, q, and a (or 3, y/r,and
fromfigure2 or 5. Thevalues
s/r)aresoselectedthatthe
(25)
liftingelementis locatedatthepointwheretheliftisassumedtobe
acting,usuallyalongtheone-quarter-chordlineofthewing.
lfthe spanwiseliftdistributionis symmetrical,equation(25)
becomes,fortheadditionalliftdistribution,’
and,forthebasicliftdistribution,
J1Czbcw s ( 2s.=— —F )()+F d~v 4#’ () E +U’ -0
(26a)
(26b)
Forconvenience,figure6,takenfromreference9, ispresentedherein
Czcforobtainingtheadditionalloadlngcoefficient— foruseinequa-
Czbc CL~
tion(26a).Thebasicloadingcoefficient— fortwistdueto
E
aerodynamicwashoutorthedeflectionfpartial-spanflapsmaybe
obtainedbytheapproximatem thodofreference10orby themethodof
reference9. Theinducedupwashanglegivenby equation(26b)is
independentof liftcoefficientandisusuallysmallenoughtobe
neglected. q
___..—._—. ——–——.————— —-
—.—
.——— —-
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If
aileron
Forthe
thespanwiseliftdistributionisantisymmetridal,
deflection,equation(25)becomes
J1 ~zcs*= (—F47rr2o CZE ‘a - F-a)d(~)
NACATI?2454
dueto
(27)
reflection-planecondition,deflectionftheaileronsproduces
a symmetricalliftdistributionas ifbothaileronsof a completewing
weredeflectedinthessmedirection.Forthiscase
(28)
cc
The & distributionsmaybe obtainedbytheapproxtiat.emethodof
c~c
reference10orbythemethodofreference,11.
CompressibilityEffects
First-ordercompressibilityeffectsontheinducedvelocitiesand
subsequentcorrectionscanbe readilytakenintoaccountby considering
anequivalentwinginincompressibleflowinsteadoftheactualwingin
compressibleflow.Theequivalentwingisobtainedbymultiplyingall
-1 -1
chordwisetiensionsby = ~ accordingtotheGlauert-Prandtl
4* P
transformation.Theaspectratiooftheequivalentwingthenbecomes
equalto PA andthetangentsofthesweepanglesoftheequivalent
wingare ‘~ timesthetangentsfortheactualwing. Accordingly,in
obtainingthevaluesof F foruseinequation!(25)to (28),the
valuesof ~ mustbe increasedbythefactor—.B Intheseequations
andsubsequentones,theliftdistributionsusedshouldbe thosefor
theequivalentwing. Exceptforthesemodifications,thejet-boundary
correctionsarecalculatedforhigh-subsonicspeeds(subcritical)in
thessmemannerasforincompressibleflow.
DerivationsofCorrections
Angleof attack.-Thejet-boundarycorrectiontotheangleof
attackis duetotheinducedupwashangleatthethree-quarter-chord
lineofthewing. Inthevicinityofthewing,theinducedupwash
anglevariesappro~tely linearlyinthechordwisedirectionsothat
aneffectivecsmberofthecirculary=cty-peisintroducedby thejet . .
——— —
3.
.,
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boundary.Accordingtothin-airfoiltheorytheeffectiveangleof
attackforanairfoilwithcircular-arccsaiberistheangleatthe
three-quarter-chordp int.Theinducedupwashangleateachpoint
alongthethree-quarter-chordlineisobtainedaccordingto equa-
tions(26).Inorderto obtainanaverageinducedangle,whichi.sthe
angle-of-att-ackcorrection,thelocalinducedanglemustbeweighted
accordingto theadditionalload@gcoefficientandthenintegrated
alongthespan.Thisaveragingprocedureisprovedinreference10
forunsweptwingsandisat leastWproximatelycorrectforsweptwings
also.Forthatpartoftheinducedangleobtained’by-equation(26a),
theangle-of-attackcorrectionisgiven.bytheequation(()lW&j = 57.3c~ ()CZCd=no ~o;75 c~c b (29)
Thepartoftheinducedangleobtainedaccordingto equation(26b)can
be averagedinthesamemamierbutthecorrectionsodeterminedisusu-
allynegligible.
Theangle-of-attackcorrectionobtainedby equation(29)is added
totheuncorrectedor geometrican@e of attackofthemodel.
Dragcoefficient.-Thejet-boundarycorrectionto thedragcoef-
ficientisduetotheinclinationftheliftforceby theinduced
upwashangleattheone-quarter-chordpoint.Thecorrectiontobe
addedtothedragcoefficientisthepro-ductoftheliftcoefficient
andtheaverageangle,inradians,alongtheone-quarter-chordline,
or
(30)
wingpitching-momentcoefficient.-A circularlycamberedairfoil
experiences(a)a lift,thecentroidofwhichisattheone-quarter-
chordpointandthemagnitudeofwhichisgivenbytheairfoilslope
atthethree-quarter-chordp int,and(b)a purecouple,themagnitude
ofwhichisgivenby thecainber.Thejet-boundarycorrectionto the
swept-wingpitching-momentcoefficientmaybe correspondinglycon-
sideredas (a)themomentresultingfromtheoutwardshiftinthespan-
wisecenterof liftcausedby theinducedwashinalongthethree-
quarter-chordline(thiseffectinfluencesthepitchingmomentonlyfor
a sweptwing)and(b)thecoupleduetotheinduced.csmbercorre-
spondingtothestreamlinecurvature.Thefirstcorrectionmaybe
determinedby firstdeterminingtheliftincrementassociatedwiththe
inducedanglealongthethree-quarter-chordline
,
.
—.
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(31)
andthendeterminingthelateralcenterofpressureforthis ‘L 1
57.3~L
ml
h)
lW
()
%:ad:—.
~+ 36.48ao ~075CLCb
A
.
(32)
whichmakesuseoftheapproximationderivedinreference10forthe
momentoftheliftdistributionduetotwist.Thelongitudinal
.distanceofthiscenterofpressurexl canthenbe foundfromthe
winggeometry.Thus,iftherootendoftheone-quarter-chordlineis
usedasa referencepoint,
andthecorresponding
ThecorrectionQ%
pitching-momenti crement
%
acL ‘c%‘1- X()A=-—
aCL c’
.
due-tothecoupleis
{Z
.
.
(33) -
.
is
(34)
u)‘cOs%wcL 1 WAC =?? 4 0 ~ 0.75 -\mL)o.2j% d(%) (35)
.,
Thetotalcorrectiontothepitching-moment
to theuncorrectedvalueis
A~3 = A&l + ~
coefficientwhichisadded
.
.— —.
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IWnwashau?le.-Fordownwash
correctionsmustbe appliedtothe
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surveysbehinda wing,jet-boundary
measuredownwashangles.Thejet-
boundary-inducedupwashangleat anypointinthehorizontalcenter
planeisfoundfromequations(26)forwhichtheliftingelementsare
locatedalongthequarter-chordlineofthewingandtheadditional
liftdistributionfthewingisused. Fora specifictaillocation,
theinduced-upwash-angledistributionisfoundalongthethree-quarher-
chordlineofthetailandtheaverageangleis,obtainedbytheequa-
tion
“t=:”’c’l’(W(g)tw (37)
~ isfoundfromtheair-flowsu&eysas —.where t Thisangleis
&\
addedto theaveragedownwashmeasuredbytheair-flowsurveys.
Wakedisplacement.-A Jet-boundary,correctionmustbe appliedto
eachverticaldistanceatwhichthedownwashangleanddynamicpressure
aremeasuredby air-flowsurveysinthetunnel.IOngitudinaldistribu-
tionsoftheinducedupwashangleareobtainedfromequations(26)and
thecorrectiontotheverticaldistanceisgivenbytheequationfox“ wAZ=CL — ~dxT.E.‘L ‘t (38)
wheretheintegrationisperformedfromthetrailingedgeofthewing
to thepointatwhichthemeasurementsaremade.
.
Pitching-momentcoefficient(modeltithhorizontaltail).-Fora
completemodel@th a horizontaltail,anadditionaljet-boundary
correctionmustbe appliedtothepitching-momentcoefficientbecause
ofthedifferenceb tweentheinducedupwashangleatthetailand
thatatthewing.
by theequation
Theadditionalinduc=dangle-athetailisgiven
.
~ = ,’Gt-&j (39)
Theadditionaljet-boundarycorrection,whichisaddedtothepreci-
ouslycorrectedpitching-momentcoefficientisgivenbytheequation
. ..
AC
~=+~ “( (4Q)J-b
,,,
_. —.—-.._-———
—.
——
—— —-
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d%
where — istheexperimentallydeterminedvariationofpitching-
%
momentcoefficientwithtailincidence.
Rolling-nmmentcoefficient(circulartunnel).-Thejet-boun~
correctiontotherolling-momentcoefficientisthemomentofthe
incrementintheaileronliftdistributionduetothe’inducedupwash
angle.Fora tirculartunnelthisincrementisantisym&ricalinthe
ssmemannerasthelif%distributiondueto thedeflectedaileronsand
itsrolling-momentcoefficientisgivenbytheequation,basedonthe
approximationofreference10,
Czu 57.3a’
so
lW
AC CZc2y dgzj=-~ ——~.- ()
(41)
~ + 18.24a~o &75cLc b b
. . A
()wwhere F 0.75 isobtainedbymeansofequation(27).Thecorrected
valueoftherolling-momentcoefficient16
“( )
ACZj
cz=czul+—
%u
Inasmuchasthecorrectionispropofiionalto
(42)
themeasuredrolling-
momentcoefficient,hesamec&~ction”applieswhereonlyoneaiieron
isdeflectedaswellaswherebothaileronsaredeflected,oneup and
onedown.
Rolling-momentcoefficient(bimolartunnel).-Becauseofthe
symmet~im~sedbythereflectionplanefora semi~paqmodel,the
incrementintheaileronlift.distribution,duetotheinducedupwash
angle,issymmetrical.Therolling-momentcoefficientofthisincre-
mentisgivenby theequation ,
whichisalsobasedupontheapproximationofreference10.
(43)
.
.
.
—. ——
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In additionto thejet-boundarycorrection,a reflection-plane
correctionmustbe appliedtotherolling.momentcoefficientfora
Clc
semispanmodel.Thisreflection-planecorrection—
%s
isindependent
of theshapeofthetunnelandisequaltotheratiooftherolling-
momentcoefficientperunitailerondeflectionfora completewing
(antisymmetricalliftdistrimtion)to thatfora semispanmodel
(symmetricalliftdistribution).Therecip~calofthiscorrection
2 ACT
wasfirstgivenforunsweptwingsinreference12as 1 + — r and
%c
maybe alsofoundinreference7. Thevali&tyoftheuseofthe
unswept-wingvalues
Thecompletely
is
forsweptwings
correctedvalue
hasnotbeensubstantiated.
oftherolling-momentcoefficient
()AClj C2CClc.Czu ‘ ——1 + C7U C2S (44)
Yawing-momentcoefficient(cimulartunnel).-Thejet-boundary
correctionsto theyawing-momentcoefficientaredefinedas in
reference7 andareduetothe,interactionofthewingandaileron
liftandinduced-upwash-angledistributions.Theequationsforthese
correctionsare
(45)
(46)
Theoretically,anadditionalcorrection,proportionalto CZ2 anddue
totheaileronliftandi~ucedu~sh -e, Shouldbe applied.This
correctionisusuallynegligible.~e.completecorrectiontobe-added
to theuncorrectedyawing-momentcoefficientis
ACn= AC +ACn
%23
or,fitermsofthecorrectedrolling-momentcoefficient,
(47)
.——-.— ——
— ——... -———
.—— –. —
22
..,[
ACn=
,.,,
.%
.lyn
..+ 3——
‘Zu
equations(45) and(46) became
-‘-CLC~u 1
-—
H)%’ 4 ~ %025 (b)
=z:adq
CLC b
.
and
.
.mCLCZu 1 ~E =-— ()czc~d~‘3 4~ ‘X o.25CIE b
(49)
(m)
b additiontothejet-bound-correcti~s,a reflection-P~e
correctionmustbe appliedtotheyawing-momentcoefficientfora semi-
spanmodel.~is reflectim”-plan.ecorrectim~nl iS independentOf
theshapeofthetunnelandisequalto thedifferenceb tweentheself-
tiducedyawing-momentcoefficientperunitailerondeflectionfora
cmpl.etewing(antiSymmetricalai eron&tri~utions)‘andthatfora
complete*g (symetri& ailerondistributions)forthe samelift
coefficient.Thiscorrectitiwasfirstgivenforunsweptwings4
referencelZ’andreproducedinreference.7..~s h thecaseofthe
reflection-plane”-cmectionforro~g-=ment coefficient,he‘valid-
ityoftheuseoftheunswept-wingvaluesforswept~gs hasnotbeep
stistantiated.Theequation”for ACnl’is -
CLCz=
J.(
1 Czc~ “.”+
) ()
czc’’q*dg+ “
--- .
4 () ‘— c~~bbCLZC,ZC z=
.-
C. 1(fza. )-()’ ‘. .1’ Cpfi,+-=z= .%5yd~. —-— (5Q. . .. 4:. 0. CL: cz- czs6cL b ~ : ~ ,.s .-:
. ..-
where Cz isusedto
angle(incradians) for
identifythedistributi~nsofliftandinduced
a completemodeland Cza isusedto identfly
.
.
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thosefora semispanmodel.Themethodofreference13canbeusedto
detemine~ fromthespanwiseliftdistributionsof sweptwingseven
thoughthismethodwasdevelopedforunsweptwings.
Thecompletecorrectiontobe addedtotheuncorrectedywing-
mcmentcoefficientis
or,intermsofthecorrectedrolling-momentcoefficient,
fun
[
nl
= CLC~
c
IILuswm EXAMPLE
(53)
In orderto illustrate”..theprocedureinvolvedin:me computation
ofthejet-bound&ycorrections,tiecorrectionsfora completemodel
ina circulartunnelarenow determined.Thedeterminationft&e
correctionsfora 6emisP”modelina bipolartunnelwoti.dbe very
similarexceptfor
coefficientswhere
ofequations(41),
rolling-momentand
plane.
thecorrectionstotherolling-andyawing-manent“-
equations(43), (49), ~d (50)mustbe usedinstead
(45),and(~) andforthecorrectionsto the “
yawing-momentcoefficientsduetothereflection
Fortheexampleill~trated,thewing,hada ‘leadihg.edgesw epback
of47.72°,anaspectratioof5.H.,anda taperratioof0.383andthe
tailhada sweepbackof~.29°at thequarter-chordltie,an aspect
ratioof 4.01,anda taperratioof0.625andwaslocatedwithrespect
tothewingsothatthedistancebetweentheone-quarter-chordpointof
thewingrootchordand >~el@ree-quarter-,chordpoint-efthe
chordwas0.787tln& “thetunnelradius.Theconstantsused
computationsaregivenh t&le III.
,, ,.
tailroot
inthe
.
.
——-— — —
——— -———
__. ..— _——
.
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In alltheccqutatimsinvoltiginte~ations,nwri~l fitegra-
tionisused. Thetite~atingmultipliersatthefouxspanwisestations
usedweredeterminedby meansofanapplicationfSimpson’s(parabolic)
ruleinthesamemannerasthatdescribedinreference13. Thefour
spanwisestationsarethoseforwhichthevaluesofloatigcoefficient
aregiveninfigure6 andareequallyspacedwithrespecto thesingle
‘1~. ThesymmetricalliftdistributionsforthewingandtailCos
wereol$tiinedfromfigure6 andtheantisymmetricalliftdistribution
forthewingwithdeflectedaileronswasobtainedby theapproximate
methodofreference10.
ComputationfJet-Boundary-InducedAngle
TablesIVtoH presenthecomputationfthejet-boundary-
induced-angledistributionsalongtheone-quarter-chordlineofthe
wing,alongthethree-qu@er-chordlineofthe*g, andalongthe
three-qusrter-chord1- ofthetail. In tableIV,thevaluesof a
correspadtothespsmwisestationsatwhichthevaluesoftheloadlng
coefficientareobtainedfrcmfigure6. Foreachcombtitionof c
and q, thevaluesof E aredeterminedby theequationsgivenat the
bottomoftableIV andthecorrespondingvaluesof F areobtained
fromfigure2 andtabulatedintableIV. IntablesV to VII,the
valuesof F fornegatin u.areaddedtothevaluesforpositiveu
andthevaluesof & areobtainedaccordingto equation(26a).
TableV isfortheon&uarter-chordlineofthewing,tableVI isfor
thethree-quarter-chordltieofthewing,~d ~b~ VIIwiSforthe
three-quarter-chordlineofthetail.Thevaluesof v% thusobtained
nareplottedinfigure7 asa functimof — a%laX whichisequalto —.b
IntableVIIIandIX,thevaluesof F fornegativeu arem.ibtracted
fromthevaluesforpositiveu andthevaluesof ~ areobtainedVc~
accordingtO equation(27). Tab’leVIIIisfortheone-quarter-chord
lineof~he~ and~bfi D
values of,—Vc~ thusobtained
Computationf
isforthethree-quarter-chordline.The
areplottedinfigure8.
Jet-BoundaryCorrections
Angleofattackanddragcoefficient.’-TableX presentsthecompu-
tationofthejet-boundarycorrectionsto theangleofattackandto
thedragcoefficientaccordingtoequations(29)and(30),respectively.
Forthistable,thevaluesof —V;L arereadfromfigure7 ateachof
thespanwisestationsforwhichvaluesoftheloaiUngcoefficienthave
beenobtained.
#
. ..—— —
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Pitching-momentcoefficient.-TableXI presentsthecomputationf
thejet-boundarycorrectiontothepitching-momentcoefficientforthe
wing-alonecaseaccordingtoequation(36).Thevaluesof —
.( )~ 0.75()w -()wand ‘~ 0.75 v= 0025 areobtainedfromthevaluesgivenin
2Y1 xl
tableX. Valuesof ~LIJ ~~ ~d ~ areobtainedaccordingto equa-
%tions(31)and(33),reqecti~elY~me ~lue ‘f ~ isgivenandthe
valueof N canbe obtainedaccordingto equation(34).Forthe
‘1
Purposeof determ~ thiscorrection,theexperimentalvalueofthe
V@ lift-curveslopea shouldbeused. Sufftcietiaccur~cy is
obtained,however,by usingtheapproximatevalueof a asgivenby the ‘
equation
am O.10~A (54)
(P2+ ~2~.25) + 4
whichincludestheedge-velocityfactorasusedinreference10for .
symmetricalliftdistributions,butmodifiedforcompressibility
effects.Thevalueof AC% isgivenbyequation(35).
TableXIIpresentsthecomputationfthejet-boundarycorrection
tothedownwashangleaccordingto equation(37)andtheadditional
correctiontothepitchtig-momentcoefficientforthewing-plus-tail
configurationaccordingto eqmtions(39)and(40).
. RolJ.ing-momentandyawing-momentc=fficients.-TableXIIIpresents
thecomputationfthejet-boundarycorrectionsto therolling-moment
coefficientaccordingtoequations(41)and(42)andtotheyawing-
momentcoefficientaccordingto equations(45)to (48). Theapproxi-
matevalueof a’ givenby theequation
at~ 0.1097A (55)
2 + ~A2(P2+ *2%.25) + 16
isusedinequation
Fora semi.span
incolumnm must
(41).
modelina bipolartunnel,themomentmultipliers
be dividedby2 totakeintoaccounthedifferent
constantsi~the denominatorsoftheequationsfor ACz,
3 =n#
.
~d ACn . Furthermore,quation(43)mustbeusedinsteadofequa- .
3
tion(41)andthereflection-planecorrectionsmustbe added.
.
.—
.—— .—-—— .
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CONCLUDINGREMARKS
.
A methodispresentedfordeterminingthejet-boundsrycorrections
tobe appliedtotestdataforcompleteandsemispansweptwingsin
closedcircularwindtunnels.Thecorrectionsforangleofattackand
fordrag,pitching-moment,rolling-moment,andyawing-mcmentcoef-
ficientsareillustratedin detailin simplifiedcomputingforms.
LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics
LangleyField,Vs.,March21,1951
.
.
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1.4 .2350 .2507 .2684 .3n3 .4864 .6033 1.1749 l.*w 1.64s9
1.6 .2403 .2$5 .2747 .3U36 .40% ,49&l .6134 .Mp l..m47 1.3920 I..6532
I.8 .2439 .2604 .279 .3235 .415.5 .5015 .8935 1.lgo3 1.3971
2.0 .“2@2 .2619 .2807 .3255 .4U30 .*9 :Z7
I.6627
.8!X.O1.1923 1.3998 1.664.0
I
1
II
-2.0
-L 8
-1,6
-1.4
-1.2
-1.0
-.
-.:
-.4
-.2
0
.2
::
.8
1.0
1.2
1.4
I.6
1.8
2.0
TABLE r.-BCUNJMRY
-~-UFW.5E FAC!’J?ORF . co~tin~~
(d)q = 0.7
l’=-0.9
-(mg
-.m36
,Omg
.0074
,Olfb
.@m
.,0411
.o~
.0766
.0941
.1116
.1310
.1470
.1609
.1721
,1808
.1872
.lg18
.1948
.Wi9
= -0.8
-0.0072
-Ooofkl
-.0327
,00272
.$9?
.0187
.0308
.0457
.06m
a.G921
.1027
a.1.233
.1425
.139-7
;;~~
.1962
.20Z
.2032
.21.13
.21.27
J- -0.7
-o.cq69
-.coyi
-.0319
.0039
,0111
,0%’13
.0345
.07)7
.0695
a.093
.u26
a,1349
.15P
,1745
.1S08
.2039
.2141
.2217
,2271
.2307
.2321
r= -0. p
-0.0063
-,W147
-,cm4
.0059
.0149
.0269
.042Y
.06m
,0847
,.u06
.1372
.1638
.1897
.2L24
.2318
.2475
.2%5
.2684
.2747
.27S0
.2&17
3 = -0.2
-o.m50
-.0039
.cow
.cow
.0202
.03y3
.0%7
.0934
.11~~
.1726
.lg2k
.2321
.26%1
.313
.@?O
.3489
,3643
.3759
.3835
.W7
.3%37
h0=0
-0.0062
-.0040
,0016
.0103
.0233
.0419
.0677
.1018
.1447
.lg.m
,25cQ
.3049
.3553
.3982
.4323
.45al
,hI’67
;488
:%2
0=0.2
-0.0069
-.0046
,c013
.0107
.0253
.0474
.0794
.X243
.1836
.2566
,33ED
,4193
.4924
.5517
,5966
.6287
.6507
.6554
.67MI
.6507
.6929
-
1=0.5
.0.0089
-,0069
-.0012
.0086
.W?yl
,-o~
.0957
.1651
.2699
.4147
.5917
,7687
.9135
1.0184
1.0877
1.1314
1.1*
1.17’49
1.1847
1,193
1.1923
u= 0,7
-0,0108
-.0093
-.0045
.0046
.Q20a
.0495
.1004
.1911
.3531
a.6n4
%:%
1.y~
1.7312
1.&19
1.8728
1,5015
1.9177
1.%63
1,9317
1.9331
J= 0,8
.0.Ollg
-.0109
-.0066
.ool~
.0L71.
,04%
.Q9W
.1993
.3941
‘,7622
1,2913
% 8s4
2.188-5
2.3833
2.4’8A2
2.5371
2.555
2.%9
2.%%’
2.5935
2.M
u- 0.9
.0.0132
-.012!3
-.Oo$w
-.0017
,01.23
,0393
.m
.ml
.4*9
.9397
1.8262
2.w
3.2194
3,4522
3.5$33
3.6130
3.6Lm
3.65ho
3.E1513
3.66MI
3.6555
%aluea detemlneclby Lagrange’sinterpolatio~fomula became of slowconvergenceof equation(7).
Lu
ro
I
I
I
-2.0
-1.8
-I.6
-1.4
-1.2
-1.0
-.8
-.
-.:
-.2
0
.2
::
.8
1,0
1.2
1.4
1.6
1.8
2.0
.
TABLE I.- BCJJNDARY-IIU)UCEILUFWASHFACTOR F - Concluded
[e) q =0.9
1 = -0.5
-0.0081
-.0073
-.0048
-,0011
.0643
.0116
.02Q9
.0325
.0465
a.0616
“.0763
a.0910
.1061
.1201
.1317
.1411
.1483
.1537
.1575
.16CX3
.l&)8
r - -Of
-o.Oon
-.IM69
-.(X)42
-.(XX31
.(x)%
;0138
.CWO
.0366
.0511
a.0672
.G345
*.1018
.1.179
.1324
.1451
.1553
.1632
.1691
.173
.1760
.1769
-0.0076
-.0066
-.0336
.Omg
.0074
.Oukl
.0272
.0411
.Om
.0766
.0941
.1116
.1310
.1470
.1609
.1721
.mm
.1872
.1918
,194.8
.1959
.—
f = 4.;
-0,0074
-.0061
-.0325
..0328
.0105
.0210
.0346
.0518
.0719
,0939
;1189
.1439
.1659
.1860
.2032
.2169
.2273
.2359
.2k03
.2439
.24w
? = -0.2
-0.0074
-,00%
-.C$315
.0051
.01%
.0291
.0483
.0734
.1044
.1397
.1795
.2194
.2$7
.2837
.3108
.3303
.3441
.3539
.3636
.3649
.3665
-F
U=o
-o.m79
-.Cm&
-.0015
.0060
.0176
.0348
.0594
.0932
.1373
.1908
.2500
.3092
.3627
.4@3
.4406
.46P
.4824
.4940
.y15
a
u = 0.2
-o.cx)&3
-.C!071
-.0022
.0059
.01%
.0400
.0n8
.11$X3
.1854
.2726
.3718
.4710
.5X2
.62k6
,6p8
.7036
.72WI
.7377
.7458
.7737
.75f24
u = 0.5
-0.0111
-.0098
-.C@53
.0029
.0177
.0436
.08SQ
.1689
.3068
.5280
.&?64
10U249
1.3461
1.4a40
1.%39
1.03
1.6372
1.6499
I.6582
u 6627
1.6640
u - 0.7
-0.0132
-.01.25
-.0090
-.W17
.01.23
.0393
.Ogxl
.2001
.4329
.9397
1.8262
2.71J26
3.2194
3.4722
3.5603
3.6130
3.64-W
3.65J+0
3.6613
3.66M
3.6655
u = 0.8
-0.0143
-.0141
-.0113
-.CHXU
.Oon
.0338
.0875
.2066
.5036
al.449
3.la$9
%. 9286
5.8770
6,17’10
6.2901
6.3437
6.3696
6.3825
6.3889
6.3917
6.3919
-0.0155
-.0159
-.0139
-.0088
.0023
.0237
.Ono
.1997
.$76
~. &g
’11:2536
13.3028
13.6507
13.7’734
13,8247
13.8h82
13.8592
13.8d13
13.8&3
13.86.50
%aluea.detemined by Lagrangels interplation fomula because of alow convergence of eqpation (7).
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TABLEII.-VAUJFSOFT ATPOIE$I=(k,q)D~~
~IJFCDfGHIM=iTSIOCATED
A!rPoIm2(O,*U)
T
n E
.3=0 u= 0.2 a= 0.5 u=0.7 a=0.8 u=0.9
0 0 0 0 0 0
0.m
o
.2 .UP. .2081 .2195 .Zq2
.4
.2370
.3831 .*1 .4014 .42U .4344 .4W8
;= .5* .5691 .5926 .6083 .62Tl
:: .6865 .P59 .7W3 .7’445 .7&4
1.0 .m .7’941 .8117 .8x5 .eJ+57 .8@J
L2 .~k .8753 .8s00 .97’0 .9176 .9296
1.4 .9319 .%!41 .957 .m .9759
L 6
.m .m .9838 .9936 :% 1.Oo&)
L8 1.C1314 1.cm6 1.Cw3 1.01% 1.0201 L0247
2.0 1.0135 1.0145 1.0195 Loz?kg 1.0281 L0316
0.2 0 0 0 0
0:199&
o 0
.2 .2030 .2063 .z285 .2362 .2322
. ;4 ;% .km .4356 .4530 .WA
.6 .%@ .m ;% .6280 .6522
.8 ;% .6911 .~kg .7613
Lo .8191 .8431“ .8550 :%7
1.2 .8D3 :% .89$ ~gln .9255 .9379
1.4 .9341 .9493 .m .97991.6 .9769 .9859 .599 1.Ooog Lm691.8 1:% 1.m3a 1.Qow I..0161 1.Olm 1.CQ34
2.0 L0145 1.01% 1.0198 1.0243 1.0269 L0294
0.5 0 0 0 0 0 0 0
.2081 .2063 .2k17 .2793 .3066f .4014 .kmo
.3421
.4559 .Z35 .522s .%@
.6 .%91 .5709 .@% .6993 ,7254 .7665
.8 .7059 .7149 .7609 .8103 .83XI .8692
1.0 .8117 .8191 .8s53 .8g18 .91.I.7 .9317
1.2 .8954 .gao .9453
;y$ .9530 .97CQL 4 .9493 .965 .@l .9873 .5939
1.6 .5@9 .9948 1.0322 1.CC156 1.m83
1.8 L m 1.w L0134 1.0159 L0165 1.0M3
2.0 L0195 1.Olse L0m9 1.0208 1.0a4 1.015
O.-f o 0 0 ‘o o 0
.2 ;~ .2285 .2793 0:~ .3957 .4707
.4 ;4&5J .335 .6TZL
.55= .68J35
.7448
.&42 .8744
:: .7293 .7433 .8103 :x
.825
.W’3 .9379
1.0 .8431 .8918 .9+0 .9539 .9W2
1.2 .970 ~!3&l .9453 .9703 .*U .9997
1.4 .9X8 .S4391 .Ssm 1.(x@+
L6 .9936 .99% 1.IX122 1.m5g“ 1:%7 1.(x)66
I..8 1.01> r.0161 1.0159 L0139’ L01.21 1.0100
2.0 1.a249 L0243 1.0m9 Lo165 Lo13a LOIC.9
0.9 0 0 0 0 0 0 0
.23P .25Z2 .3421 .4707 .5368 .6203
:: .hm .4744 .599 .W@ .83u
.6 .em .65I2
.9151
;766 .8744 .5%57 .9668
.8 .7624 .7’8= .9379 .!xa .9WI
Lo .8Tk7 .9317 .m .9855 :g
1.2 :% .9379 .9702 .9897 .99s
L4
.9799 .9939 1.Ix04
L6
1.0315
1:%%’
L(M14
Lala L m93 1.CK166 1.m47 L0327
I..8 1.(X247 1.0234 L0169 L0100 LCc@
1.0s6
1.m33
2.0 1.O@ L019 L0109 1.C068 1.0034
——-.
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TABLEIII.-COIiSIMNJWUSEDIN COMPUWIZONSFOR
13mJmRA.Tm3Ei.&MmE
P= 1.00 ‘s(1- x)=0.%!51
‘a A0.50=‘aAO -b—
At= 4.01
~ = 0.383
~ = 0.625
d ‘0.75= ‘n ‘6.50.-~ (1- M =0.8377
‘m(Ao.75).= tan400= 0.8391
‘B
= 0.142
E
.A .2.396
2C‘
%. =a(qm)t=~ -0.239 — = 0.1862r
Zfl
a ~ 0.0597(fromequation(~))
—= 0.787 \r
a!* 0.0544(fromequation(55))-
tan~ = 1.0999
= 0.01882 .
s
,.
—= 0.0268
411-r2
‘an%.25han&g(l-hl. o125
,
———..——— .——-—— _ .. ___ . .
_.. - ——— —– -—
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*
.
u,
Tl=o q = 0.2 q = 0.5 q= 0.7 q= 0.9
p 2sb E
——
F E F F E F E F
ba (1) (1) (:) (1) (1)
-.
‘o.25
P% .25 J= 1.0U25
0.92390.606-0.6140.I@ -o.411().177-().107().435 0.0950,&70
.P-P -w -.470.135-.267 .215 .036 ~g .239 -730
.3&7 .251 ..254 .U37 -.052 .262 .272 .455 .560‘
o 0 0 .250 .203 .300 .X .372 .709 .418
-.3827-.251-.254 .187 -.052 ..214.2!32.244 .455 .259
-.7073.- 464-.470 .135 -.267 .155 .036 .l’p..239 .lm
-.9239-.606-.614 .102 -.411 .1.18-.107 .132 .095 .134
‘o.75
[ J~ m O.I.%;tmAo ~ = 0.8377.
0.92390.606-0.4280,145+::? 0.227-o.(xlg().‘j10f).rjg().95U
.7071.464 -.284 .17’8 .265 .135
.3827.251 -.058 .235
.500”.302 .750
.099 .305 .3!Z .455 .y8 .580
0 0 .295 .353 .605 .392 .7’72
~-:% .235 .Ogg
.335 .425
-.3827-.253. .24a .39 .263 .Z8 .268
-.70-P-.W -.284.178 -.I16 .185 .135 .187 .302 .MM
-.939-.w -.428 .145 -.262 .147 -.009 .146 .159 .142
%
[
z=
F J
= 0.787;tm(Ao.~)t = o-8391
0.92390:6’OJ0.1730.297 0.3410.4470.5930.860
.7071. .317 .330 .485 .454 .737 .738
.3827.2Z .533 .375 .701 .454 .953 ;g
o 0 .787 .418 .955 .M3 1.207
-.3827-.2Z .533 .375 .701 .367 -953 .349
-.mn -.W .317 .330 .485 .305 .737 .270
-.9239-.606 .173 .2g7 .341 .266 .593 .226
.
.
——-—
I
,
\
!cABLEv,- f2Mcm4mm cm mxKxo-AHQLE DmmmTIoH AIm3 ~-CHORD LINE OF WIRG
FOR mUJmRAmvE mAHPm, m4mTRI ChLLIm DImRmJTION (EQUATICTJ(26a))
F+a + F-=
~ @x@ (@X(l)
26/3 u (tree Iv) c~c
(rig.6)
I)=o l-jm 0.2
1’1-oq = 0.2 ll=lo.~qno.7 O m 0,9
0.5Q39o,m 0.2C4 0,295 0:g: 1.WJ4 0.w 0.1238 0.17$)1
.m-p. .444 ,2-p .3p .935 .9’74 .2630
.3827.251;3$ ;4~6 .fi .819 1.143 ,4275 :%
o 0 .WJ .836 1.Ill .3955 .-
‘@
gj)x@
~=o.5
0.3hJ+2
.5951
.75!N
,8265
bid@
+-----
@x@@lx@ ~+i
quo. -fqqo,g -plier
0.w 0.20037
.88v .18512
.9361 .483’74
. %!ea . ly)q)
I %
C.Q
CD
I
1
TABLEvi.- CAWUMTIOH OF IKWCH!-AW3LEDIBITK2WTOHAUINOTEREE-C$URIER4!mmLINEOFKUW
FORmmmWTvE mmem, EmmITUcAL IJm!m SITmmcIm (E7WMmi!(26a))
[
s
1
—- 0.0268;~ =4’0.695
4ri#
@ @ @l @l@ l@l(3 @ @ ‘@ ‘@ @ @ @
‘+a + F-a
~ @x@ @x@ @x@ @x@ @x@) ml.ti-
2a/b u (tableIV)
“(rig.6) Q=o ~ = 0.2 q-o.5 q = 0.7 q = 0,9 pller
q-o q = 0.2 q = O.p ~ = 0.7q - 0.9
0,92390.6060.293 0.374 0:~: 1.W
.Pn .464 .356 .45Q
0.607 0.1760 0.2270 0,3992 0.6528
.974
3.2CQ37
.974 .3467 .4*3 .6491 .9487 .185I2
.3827 .23 .470 .553 . 7Y_8 .849 1.143 ‘.9372 .6321
.670 .784
.8207 .9693 .48374
0 0 .59 .872 1.11.1.6555 .74k4 .q’lo .9444 .lKJX
T “
o O.wil o.OIJ.9 o
.2 .5s3 .olk2 .W5
.7147 . olg2 . -@.2
:? .W9 . C241 1.057
.9
.
i?
I
I
r@2e/b
5
W VII.- MUUIATIOE OF ~CED-MJ3LE DI91REYlI~ AIJ3N0~QU4RmR-CHORD LIKE OF TAIL, u
a
6YM.EIFJCALLIFT DImRHIllTOH (KKMlmE (260)) P
r. 1 YL-4Y = 0.0269J + -0.239
—
@ o[@l@j@l@ @
F+U + F-O
(tableIV) ~a
q-o q - 0.2 llno.5 q m 0.7 ~ s ().9 (rig. 6)
.636 0. %4 0.71.3 1.M5
,464 .663
0.607
.7% 1: ~
.251. .~ .821
.974
.836 .896
1.143
.938 1.lilI
1 I I 1 I
o 0:&’
:; .9TL6
.7
.9
()w~t
( -%)Q
I
nl~
4xi-
T0.0195 0.0.216 .837.mm 2.qz
@
@)x@
~=o
0.36C6
.6428
.8573
.-
@x@ @x@ @x@ @x 1Multi.q - 0.2 q=o.5 ~mO.7 q = 0.9 plier
TABLEWUI,- CMCiUITON OF -EBAHOLE DIm’RIWmcM ALmm cm—QuAmm4mRn m OFm,
I
ART18YNNHTFUCALH D15TRDJTIml (17mlm9 (27))
rk=o,cm ;Mex- o.65ilL4&
F+u - r-d
20/b u (tablelY)
q-o q l 0.2 q - o.p q = 0.7 11= 0.9
0. pm 0.606 0 0.059 0.303 0.736
:&; .,g ,;’ ,.* .555o:~
.176 .301
0 o“ o 0 0
*
(mthd of
reference10)
.5.%2
6.&
.T33
.0
A
T@@@x @@)x@1).o q -0.20 0.32y30, .38170 .03760 0 “@ @ ‘Q’@x(@ @x@ ~~*~-q = 0,7 q = 0.9 plier4.0642 0.209373.!32J39 .18512.2357 .483740 . W5Q
()(z&@ ~;.23 ~k
.
“ >$’. @) (QGA
w
o 0 0 0 ()‘ld ~ 0-25 ~ Amx.
.2 .1541 .cdl .335
.-i@ .0193 .?&
:? 1.5%0 .&24 L 067
.9 u
a
.
TABmIx. - cmmuTIori OFnimcmmm m %IIUHH?ICUim ~-= LINEm W3W,
I MvTmB9m!RIcALLlm DIsrmmmt~ (=~ (27))
F - F-a
2e/b 8 (;~bleIV)
11’=oq = 0.2 ~ - o.~ q = 0.7 q = 0,9
0. *39 O.&L% o 0: C& 0.364 0.809”
. -pm_ .464 0 .33-3 .~
.- .251. 0 .057 .lgz? .31S?
o 0 0 0 0 0
C,c
A
C,e’
(MQthd of
<femme 10)T@@@-Jx~@ x(3quo q = 0.20 0.441800 :%Eo 0 @l@T2.Olcn 4.461.8L gg13.1503 3:Xo 0 @l@lg)x@ Mllti-q - 0.9 p~era0.20337.185L2.48374, 12s95
T
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TABLEx.- JEI?-ROUNDARYCORRECTIONSFORANGLEOF&TI!ACKANDDRAG
(FQUMIONS(29)AN3 (30))
d@lol@
~ (%)0,,(%)0,,2y/b ~ . .
I(fig. 6) I (fig. 7) I (fig. 7)
o L 111 0.0095 0.0119
.3827 1.143 .0128 .0149
.7071 l 974 .0166 .0182
l 9239 .607 .0201 .0214
@
@x~
0.0106
.oI_46
.0162
.0122
@x@ Multipliers
0.0132 0.13090
.0170 ;483&4
.0177
.0130 .200s7
AZJ= 57.3 Lx@ x @’) cL= 57.3 (0.015@cL = o.905CL
.
.— ——— ..——_—
II
i
1“
!
TAHLEXI.. J-ET-HlumMRYcORRK!TIONFOR WING PITCIUNG-MME2JTCOEFFICJ-E?J!
@
~
(fi:.6)
1.111
1.143
.974
.607
1.961183
1.1U357
,623224
.362545
(_I~ (36))
0.0119 0.0324 0.Olz 0.CD4V 0.13093 0
.0149 .0021 .01-fo .cw24) .4-9374 -
.0182 .cm6 .017
.185L2
.CO1OO .185u2 .1309
.0214 .0313 .0130 .00047 ..mo37 .185I.2
AcLl
—= 2c@x@J=o. o15@5
57.?@L
~2 [1-(1 -A)$q2
—. 3;Ct A2+L+1
.57.3acL= o.al~
KI= 1 = O.7cJ169
~ ~ 36.M3E
A
36.48a
==, A = 0.29531
~ +,s6.48a
@ x @) . o.ooi~ A I
-
&-
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.
TABLEXII.-
ADDITIONAL
J-Er-BomY
JEPBomY
CORRECTIONTO lXIWNWASHANGLEAND
CORRIX!TIONF RPITCKCNGMMENT
COEFFICIENTFORWING-PLUS-TAILCONFIGURATION
(EQWIONS(37) m (40))
[ 1~Is assumedequal.to 1Vt
I @l”@ I @ I
,db (y)t (6) @x~ Multipliers
(fig.6) (fig.~)
o 1.104 0.0195 0.0215 0.13090
.3827 1.143 .0203 .0232 .48374
.7071 .989 .0211 .0209 .18512
l9239 l597 .0218 .0130 .20037
[
v
Act= 57.3 ~@ x Q]cL= 1*17~L
Lwd= O.905CL(fromtableX)
~ = AEt
- ~~ = o.270cL
AC % . o.oo~L% ‘%W t
.. —.—.
.—.-.. —.—
lI
!
1
I
1
I
I
I
/
I
I
I
TABLE XIII.- ROLLIHG-M2MEWI’AND K4JKDJG-MOMZNTcCMWCTIONS
(EQUATIOM9 (h2) AND (48))
@l(l @l@
o 1.111 0 0.CXW4
.3827 1.143
.7733 .0128
.7071 .974 6.362 .0166
.939 .607 5.522 .0201
ACZJ = - [
czu57.3a’y x x@ x
()
AC~
Cznc
L
1 + ~ = 0.98993CZ
CZu u
@l@
(%)02,($)
(fig. b) 0.75
I
(q = -0.01C07CZ
u
Ac =-
[ 1
CLCZu ~ @ X @ = -O.01811~cZu
‘3
@
@x@
o
.00857
.01929
.0194!3
@
Qx@
o
.W653
.01627
.Olm
o 0
.01032 .09256
.10%1 .065A5
.llogg .og256
at = o.o~
K1 = 1 E 0.83739
~ + 18.24af
A
.Figurel.-Coordinate
Locationof’
[ lifting element
o
systemsinclosedcircularwind‘tunnel.
.
—
——- ———
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.
‘1.8
-1.6
-1.4
-1.2
-!.0
-.8
-.6
-.4
:2
0
/-
.2
.4
.6
.8
f.o
/.2
/.4
1.6
1.8
/
/
-#=L
—
l--=
k.=k-R--F--
-.04
-.06
-.08
-.10
-.15
-20
-+’0t
25
%
35
0
5
..50
I
-/.0 -.8 =6 -.4 -.2 0 . .4 .6 .8 1.0
r’
(a) ~ =0.
Figure2.-Contoursofconstantvaluesof jet-boundary-induced-u~sh
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